Helicobacter pylori infection is one of the most potent factors leading to gastric carcinogenesis. The seven in absentia homologue (Siah2) is an E3 ubiquitin ligase which has been implicated in various cancers but its role in H. pylori-mediated gastric carcinogenesis has not been established. We investigated the involvement of Siah2 in gastric cancer metastasis which was assessed by invasiveness and migration of H. pylori-infected gastric epithelial cancer cells. Cultured gastric cancer cells (GCCs) MKN45, AGS and Kato III showed significantly induced expression of Siah2, increased invasiveness and migration after being challenged with the pathogen. Siah2-expressing stable cells showed increased invasiveness and migration after H. pylori infection. Siah2 was transcriptionally activated by E26 transformation-specific sequence 2 (ETS2)-and Twist-related protein 1 (Twist1) induced in H. pylori-infected gastric epithelial cells. These transcription factors dose-dependently enhanced the aggressiveness of infected GCCs. Our data suggested that H. pylori-infected GCCs gained cell motility and invasiveness through Siah2 induction. As gastric cancer biopsy samples also showed highly induced expression of ETS2, Twist1 and Siah2 compared with noncancerous gastric tissue, we surmise that ETS2-and Twist1-mediated Siah2 up-regulation has potential diagnostic and prognostic significance and could be targeted for therapeutic purpose.
INTRODUCTION
Gastric cancer is one of the most common malignant cancers. It is generally diagnosed at very late stages when the cancer has already metastasized to neighbouring lymph nodes or tissues. This occurs mostly due to the complex initiation and progression mechanisms of the disease as well as the lack of symptoms and detection markers at early stages. Therefore, in spite of a decline in gastric cancer cases in recent years, this disease still remains the second leading cause of cancer-related mortality in the world [1, 2] . Helicobacter pylori infection is the prime factor responsible for gastric cancer. Up to 80 % of people in certain parts of the world are infected with H. pylori [3] . Host responses towards infection and the possession of a ∼40 kb stretch of genetic element by the pathogen called the cytotoxinassociated gene (cag) pathogenicity island (PAI) play a role in determining the outcome of infection. Like any other solid tumour of epithelial origin, development of the invasive gastric cancer phenotype employs epithelial-mesenchymal transition (EMT) wherein the epithelial cells lose their epithelial characteristics, gain mesenchymal features and show enhanced motility. Aberrant EMT has been closely associated with gastric carcinogenesis. H. pylori induce migration of the primary gastric epithelial cells [4] , and enhance motility of the gastric epithelial cancer cell line AGS as well as Madin-Darby canine kidney (MDCK) epithelial cells [5, 6] . However, the precise molecular events that contribute in inducing motility and invasiveness of H. pylori-infected gastric cancer cells remain to be determined.
Crucial roles for E3 ubiquitin ligases have been recently identified in modulating cancer progression and metastasis for adenocarcinoma [7] . The really interesting new gene (RING) family E3 ubiquitin ligases regulate metastasis in several cancers [8] and have drawn attention as potential drug targets [9] . The seven in absentia homologue (Siah) proteins belong to the RING family of E3 ubiquitin ligases. Siah proteins impart specificity to proteasomal degradation of target proteins and are required for the ubiquitin-dependent proteolysis of their targets. Siah proteins interact with and regulate the stability of multiple factors involved in oncogenesis including prolyl hydroxylases, β-catenin, NUMB, tumour necrosis factor receptor 2-associated factor and Sprouty [10] [11] [12] [13] [14] . Increased Siah2 expression in various cancers signifies its oncogenic role [15] [16] [17] [18] [19] . Moreover, enhanced expression of Siah2 in breast, prostate and liver cancer cells is associated with malignancy and cancer invasiveness [15, 16] . Wong et al. have shown that loss of Siah2 causes delayed tumour onset and increases the efficacy of chemotherapy in a transgenic model of aggressive breast cancer [20] . Elaborate studies have been performed to identify downstream targets of Siah2 proteins.
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Recently Siah2 has been reported to regulate tight junction integrity and cell polarity in the hypoxic milieu through the regulation of apoptosis-stimulating proteins of p53 (ASPP) 2 stability [21] . Siah2 mediates ubiquitination and degradation of the CCAAT/enhancer-binding protein δ (C/EBPδ) during breast cancer progression, thus contributing to the transformation of breast tumour cells [22] . Siah2 up-regulation in breast cancer is caused by oestrogen which leads to the proteasomal degradation of the transcriptional co-regulator nuclear receptor corepressor (N-CoR) [23] . Although the exact mechanism is not known, Wnt5a has been found to induce Siah2 expression in colon cancer cells [24] . Hypoxia is another potent inducer of Siah2 [13] and it regulates Siah2 stability by modulating the p38 MAPK and Akt pathways [25, 26] . Although independent studies have reported that Siah2 and H. pylori infection can induce stability and accumulation of the hypoxia-inducible factor 1α (HIF1α), a major oncogenic transcription factor induced during hypoxia [13, 27] , to date no study has identified the effect of H. pylori infection on gastric epithelial Siah2 expression.
Given the crucial role of Siah2 in driving cellular transformation and tumorigenesis in several human cancers, we examined the effect of H. pylori infection on Siah2 expression. We identified that proto-oncogenic transcription factors E26 transformation-specific sequence 2 (ETS2) and Twist-related protein 1 (Twist1) induce siah2 in H. pylori-infected gastric cancer cells (GCCs) and also demonstrated that Siah2 regulates motility and invasiveness of infected GCCs. Our study thus established the role of Siah2 in regulating H. pylori-mediated gastric cancer progression. As human gastric cancer biopsy samples also showed highly-increased expression of Twist1 and ETS2 along with Siah2, these molecules could be tested as novel molecular targets to treat gastric cancer.
EXPERIMENTAL Cell culture, H. pylori strains, infection and treatments
The human GCCs MKN45, Kato III, AGS along with H. pylori 26695 and 8-1, a cag PAI ( + ) strain (A.T.C.C.) and a cag PAI ( − ) strain, respectively, were cultured and maintained as reported previously [28, 29] . Another cag PAI ( − ) strain D154 was received from the archived collection of H. pylori strains at National Institute of Cholera and enteric Diseases, Kolkata, India. Strain 8-1 is an isogenic derivative of the reference strain 26695 lacking the entire cag PAI [28] (DNA isolated from D154 does not produce any cagA or cag PAI amplicon). GCCs were infected with various multiplicity of infection (MOI) of H. pylori strain 26695 for specified periods. Strain 26695 was used for all studies except for comparison studies involving 26695, 8-1 and D154 strains. For inhibitor studies, cells were treated with the proteasome inhibitor MG132 (Sigma-Aldrich) at 50 μM dose for 6 h prior to bacterial infection.
Human gastric mucosal biopsy specimen collection
Gastric biopsy samples from the antral gastric mucosa were collected from patients suffering from gastric cancer and undergoing diagnostic esophagogastroduodenoscopy following a National Institute of Science Education and Research (NISER) Review Board-approved protocol and research was carried out in accordance with the Declaration of Helsinki (2013) of the World Medical Association. Written informed consent was obtained from all patients prior to the study. Note that gastric adenocarcinoma biopsy samples were obtained from patients lacking any previously established case-history. Because the gastric cancer samples were from patients that were urea breath test, rapid urease test as well as tissue-invasion negative, these adenocarcinoma cases could not be linked to H. pylori infection status.
Plasmids and mutagenesis
Twist1 overexpression construct was obtained as a kind gift from Dr Kimitoshi Kohno. ETS2 construct was purchased from Addgene (Addgene plasmid 28128). The Siah2 plasmid was purchased from Origene Technologies (Origene Technologies). The full length human siah2 promoter (NM_005067) was cloned into the pGL3 basic vector (Promega) using restriction sites for KpnI and HindIII. siah2 WT promoter construct was used as a template to generate individual mutations at the ETS2-binding site (EBS) and Twist1-binding site (TBS) using the QuikChange site-directed mutagenesis kit (Agilent Technologies) as per manufacturers' standard procedure. Sequencing was done to confirm mutations at the EBS and TBS. Primer sequences are shown in Supplementary Figure S1 .
Transient transfection of plasmids or siRNAs and generation of stable cell lines
For transient expression of ETS2 and Twist1, 1 × 10 6 MKN45 cells were seeded in 6-well cell culture plates 24 h prior to transfection. Cells were transfected with 2 μg of plasmid DNA and 10 μl of Lipofectamine 2000 reagent (Invitrogen, CA, USA). Cells were infected after 36 h of transfection. To generate stable cell lines, MKN45 or AGS cells were seeded in 96-well plates 24 h before transfection and transfection was done as mentioned. Cells were cultured in the presence of 300 μg/ml G418 (SigmaAldrich) for 4 weeks. Positive clones were picked using cloning discs (Sigma-Aldrich) and expanded to establish stable cell lines. To knockdown expression of ETS2 and Twist1, 0.2 × 10 6 MKN45 cells were seeded in 6-well cell culture plates 24 h prior to transfection. Cells were transfected with 50 nM of siRNA duplexes of ETS2 or Twist1 (Origene) along with 10 μl of Lipofectamine 3000 reagent (Invitrogen). Control duplexes were also transfected. After 60 h of transfection, cells were infected with H. pylori.
In vitro binding assay
5 biotinylated double-stranded siah2 EBS oligonucleotides [WT (wild-type) or Mut (mutant)] were captured by Streptavidincoated superparamagnetic beads (Dynabeads M-280 Streptavidin, Dynal, Invitrogen) and binding assays were performed using nuclear lysates as described previously [28] . Bound proteins were dissociated by boiling in 1× Laemmli sample buffer and analysed by Western blotting. Oligonucleotide sequences are shown in Supplementary Figure S1 .
Luciferase assay
Activation of the siah2 promoter after H. pylori infection was measured by dual luciferase assays. For this, cells were co-transfected with either the WT or ETS2 and Twist1-Mut siah2 luciferase promoter constructs (cloned in pGL3 basic vector) along with the phRL-TK Renilla luciferase construct (Promega) at a ratio of 50:1 using Lipofectamine 2000 reagent (Invitrogen). For some experiments, cells were co-transfected with the WT siah2 promoter construct along with the WT ETS2 or Twist1 overexpression plasmid and the phRL-TK Renilla luciferase construct at a ratio of 25:25:1 using Lipofectamine 2000 reagent (Invitrogen). At 36 h posttransfection, cells were either left uninfected or were infected with H. pylori for 2 h. Cells were thereafter lysed and luciferase activity was estimated using the Dual-Luciferase Reporter Assay System (Promega) as per manufacturers' instructions. Quantification of luminescence signal was done using MicroBeta2 LumiJET TM Microplate Counter (PerkinElmer).
MTT assay
pcDNA3.1 + and Siah2 overexpressing stable cells were seeded on 96-well microplates with a seeding density of 5 × 10 3 cells per well 24 h before transfection. Cell proliferation was assessed using an MTT cell proliferation kit according to the manufacturer's protocol (HiMedia). The absorbance was measured at 595 nm test and 650 nm reference wavelengths. Data were analysed by t test, and presented as mean + − S.E.M., and confirmed by three independent experiments.
Transwell migration and invasion assays
Cell migration and invasion assays were performed using 8-μm pore size Transwell Biocoat control inserts (migration assay) or matrigel-coated inserts, as per manufacture's instruction (Becton Dickinson). In brief, 5 × 10 4 AGS cells were seeded on a transwell plate. The chambers were incubated at 37
• C, 5 % CO 2 . After incubating for 24 h, cells on the top surface of the transwell were scraped off. Cells were fixed for 30 min with 4 % paraformaldehyde, and stained for 30 min with haematoxylin. We counted the number of cells (five high-power fields) that invaded inserts under an inverted microscope (Primo Vert, Carl Zeiss). Individual experiments were repeated thrice.
Soft agar assay
MKN45 cells stably expressing Siah2, ETS2 and Twist1 protein or empty vector were seeded in 24-well plates at a density of 0.1 × 10 6 cells per well. After 24 h cells were infected with H. pylori for 6 h followed by 2 h gentamicin treatment to kill extracellular bacteria. Cells were harvested and 1000 cells were mixed with 0.3 % top agar and plated on to 0.6 % bottom agar in 6 cm cell culture plates. These plates were fed twice weekly and maintained for 3 weeks in humidified incubators containing 5 % CO 2 . At the end of the incubation period, visible colonies on the top agar were directly counted and colony sizes were compared between various treatment groups.
Wound healing assay
We wanted to assess the effect of ETS2, Twist1 or Siah2 expression on wound-healing property of GCCs. As MKN45 cells are partly adherent and partly floating in nature [30] , we did not consider these cells suitable for wound-healing assays. Rather, AGS cells being adherent cells were considered more appropriate for this purpose. Various stable cells were seeded in 6-well cell culture plates and were allowed to grow in monolayer till 90 % confluency was obtained in complete media. Multiple uniform streaks were made on the monolayer culture with 100 μl pipette tips. Streaked plates were immediately washed with PBS to remove detached cells followed by infection with H. pylori in serum-free media. Cell migration was monitored up to 24 h, and pictures were taken at 0, 6, 12 and 24 h time points using a digital camera attached to an inverted microscope (Primo Vert, Carl Zeiss). Six to eight fields were analysed, and cells filling the wound mark were counted using ImageJ 1.45 software.
To study the effect of Siah2 suppression on wound healing property of GCCs, 0.5 × 10 6 AGS cells were seeded in 6-well cell culture plates 24 h prior to transfection of 50 nM of siRNA control or Siah2 duplex and 10 μl of Lipofectamine 3000 reagent. Cells were infected and wound healing assay was performed after 48 h of transfection.
Statistical analysis
Statistical analysis of quantitative data was performed by Student's t tests. Values were given as mean + − S.E.M. Statistical significance was determined at *P < 0.05.
The online supplementary file contains additional EXPERI-MENTAL methods that include immunoblotting, real-time RT (reverse transcription)-PCR, ChIP assay, immunofluorescence and confocal microscopy.
RESULTS

H. pylori induces Siah2 in cultured GCCs
To identify the effect of H. pylori infection on GCCs, MKN45 cells were infected with a cag PAI ( + ) H. pylori strain 26695 at a MOI of 100, 200 and 300 for 3 and 6 h. Figure 1C ). There was an equivalent induction of Siah2 protein when MKN45 cells were infected with either 26695, 8-1 or D154 H. pylori strains indicating that Siah2 induction was not dependent on cag PAI status ( Figure 1D ).
ETS2 and Twist1 are induced in H. pylori-infected GCCs
In order to identify transcription factors regulating Siah2 expression, we performed promoter analysis for siah2 using bioinformatics tools such as MatInspector (professional version 6.2.2). Although several transcription factor binding sites were implicated in the siah2 promoter region, ETS2 and Twist1 showed very high probability of binding. The putative EBS (GGAA/T) was between the − 465 and − 462 bp and TBS (CANNTG) was between the − 431 and − 426 bp upstream of the siah2 transcription initiation site (Figure 2 ). We performed Western blot analysis to assess ETS2 expression at protein level in MKN45 cells infected with H. pylori. Although the optimal time and dose for Siah2 expression were determined in Figure 1 , we needed to identify the same for ETS2 and Twist1. A timedependent study showed induced expression of ETS2 as early as 1 h p.i. and that was maintained at the same level even at 6 h p.i. whereas no ETS2 expression was noticed at any time point in uninfected cells ( Figure 3A) . The same study also revealed that the expression of Twist1 was induced at 1 h p.i. and was maintained at the same level up to 3 h and decreased at 6 h. Dose-kinetics performed at 3 h and 6 h p.i. with MOI 100 and 200 clearly showed that 200 MOI was more effective in inducing ETS2 ( Figure 3B ) and Twist1 ( Figure 3C ) expression than MOI 100. We performed Western blotting on cell lysates prepared from other GCCs such as Kato III and AGS along with MKN45 cells at 3 h p.i. (MOI 200) to assess the expression of ETS2 and Twist1. Representative Western blots from independent experiments (n = 3) showed marked enhancement in ETS2 ( Figure 3D ) and Twist1 expression ( Figure 3E ) in all cell lines. We observed that strain 8-1 and strain D154 were equally effective in inducing ETS2 and Twist1 as strain 26695 ( Figures 3F and 3G respectively) . As we observed that although Twist1 was induced at 3 h of infection, the level of Twist1 at 6 h p.i. was equal to its basal expression level of either 3 or 6 h, we presumed that proteasomal degradation might have caused Twist1 degradation at 6 h of infection. Pretreatment of MKN45 cells with MG132 prior to H. pylori infection clearly rescued Twist1 protein from degradation indicating that ubiquitination-mediated proteasomal degradation of Twist1 was underway at 6 h p.i. (Figure 3H ). Graphical representation of all data is shown in Supplementary Figure S3 . Antral biopsy samples obtained from consenting patients during gastric endoscopy were used to study expression of Twist1, ETS2 and Siah2 proteins in gastric adenocarcinoma. Fluorescence microscopic analysis of gastric biopsies from adenocarcinoma patients with samples from adjacent noncancer gastric tissue samples revealed that Siah2 (Supplementary Figure S4A) , ETS2 (Supplementary Figure S4B) and Twist1 (Supplementary Figure S4C) were highly increased in adenocarcinoma biopsy samples compared with non-cancer tissues. Figure S1) were synthesized. Magnetic beads were coated with oligonucleotides just prior to incubation with nuclear lysates from infected and uninfected cells. Analysis of bead-bound proteins by Western blot determined binding of ETS2 with the siah2 EBS ( Figure 4A ) and Twist1 with siah2 TBS only after H. pylori infection ( Figure 4B ). Input nuclear lysates were also run to assess the expression of ETS2 ( Figure 4A ) and Twist1 ( Figure 4B ) in nuclear lysates and histone-deacetylase 1 (HDAC1) was used as a nuclear loading control. Results confirmed that both ETS2 and Twist1 were increased in the nuclear fraction by H. pylori infection. We did not detect any ETS2 expression in the uninfected cells whereas low level of Twist1 expression was observed in the nucleus of uninfected cells.
ETS2 and Twist1 bind with siah2 promoter in H. pylori-infected GCCs
Next we assessed ETS2 binding with the siah2 EBS and TBS in uninfected and infected MKN45 cells. Nuclear extracts were prepared from 3 h H. pylori-infected (MOI 200) MKN45 cells. WT as well as EBS and TBS-Mut siah2 promoter oligonucleotides (Supplementary
In order to detect binding of ETS2 and Twist1 to the siah2 promoter in vivo, MKN45 cells were infected with MOI 200 of strain 26695 for 3 h and nuclear lysates were assessed by ChIP assay using ETS2 ( Figure 4C ) and Twist1 ( Figure 4D ) antibodies. The PCR products of DNA in these immunocomplexes corresponding to the siah2 promoter flanking the EBS and TBS (S = specific PCR product), respectively, were not present in the PCR product corresponding to the 5 far upstream sequence (NS = non-specific PCR product).
ETS2 and Twist1 enhance Siah2 expression in H. pylori-infected GCCs
Dual luciferase assays were performed to assess the role of ETS2 and Twist1 in H. pylori infection-induced siah2 transcription. MKN45 cells were first co-transfected with the Renilla luciferase construct phRLTK along with the WT or EBS or TBS-Mut siah2-reporter constructs followed by infection with H. pylori for 2 h. Significant enhancement of siah2 transactivation was observed in the infected MKN45 cells expressing WT siah2 luciferase constructs. The effect was significantly reduced in the EBS Mut ( Figure 5A ) or TBS Mut-expressing cells ( Figure 5B ) confirming that ETS2 and Twist1 mediate siah2 transcription in the infected GCCs.
We next sought to determine the effect of ectopic expression of ETS2 and Twist1 on siah2 transcription. For this, the empty vector or ETS2 overexpression plasmids were transfected along with the WT siah2 promoter construct and the Renilla luciferase construct phRLTK followed by infection with H. pylori for 2 h ( Figure 5C ). Dual luciferase assay data confirmed that ETS2 significantly enhanced H. pylori-induced siah2 transcription. Twist1 overexpression showed a similar inducing effect of Twist1 on siah2 luciferase activity ( Figure 5D ). Western blot analysis further established that overexpression of ETS2 and Twist1 mediated induction of Siah2 protein expression in H. pyloriinfected GCCs (Figures 5E and 5F respectively). We also noted that although Twist1 was highly induced in uninfected Twist1-expressing cells as compared with the infected pcDNA3.1 + -expressing cells, Siah2 expression was lower in the first group which indicated the possibility of a post-translational modification of Twist1 only after infection with H. pylori that might be responsible for its activation. 
Siah2 induces migration and invasiveness of H. pylori-infected GCCs
H. pylori induce EMT in infected GCCs. In order to assess the effect of Siah2 overexpression on the migration ability of GCCs, we performed transwell migration and matrigel invasion assays. MKN45 cells are partially adherent and therefore, a more adherent gastric adenocarcinoma cell AGS was used to study the effect of Siah2 expression on cell migration. The inhibitory effects of Siah2 siRNA on H. pylori-induced AGS cell migration and invasion were found to be significant over control siRNA-transfected cells ( Figures 6A and 6B respectively) . Exogenous overexpression of Siah2 in AGS cells significantly increased H. pylori-mediated cell migration and invasion ( Figures 6C and 6D respectively) . In addition, we performed wound-healing assays. pcDNA3.1 used to prepare wound marks and cells were incubated in the presence or absence of H. pylori. Siah2-expressing H. pyloriinfected AGS cells showed significantly higher migration than empty-vector-expressing infected cells (Supplementary Figures  S5A and S5B) indicating that Siah2 induced cell migration ability of infected GCCs. The effect of Siah2 overexpression and H. pylori infection on AGS cell proliferation was tested by MTT assay. Siah2 overexpression significantly induced cell proliferation which was further induced by H. pylori, at 24 h of infection (Supplementary Figure S5C) . Anchorage-independent growth, an additional indicator of more aggressive cancer cell behaviour, was evaluated by soft-agar colony formation assays. We found a substantial induction in colony formation by H. pylori-infected Siah2 stably-expressing MKN45 cells as compared with the uninfected empty-vector expressing cells (Supplementary Figure S5D) . Siah2 protein expression status in the stable MKN45 cells used for the soft-agar assay is shown in the accompanying Western blot image (Supplementary Figure S5D) .
ETS2-and Twist1-mediated induction of Siah2 migration and wound-healing properties of H. pylori-infected GCCs
Wound healing assay was performed to examine the involvement of ETS2 and Twist1 in H. pylori-mediated enhancement of GCC migration. For this, pcDNA3.1 + , ETS2 or Twist1 stablyexpressing AGS cells were used. Both ETS2-and Twist1-expressing cells showed significantly higher wound-healing properties following H. pylori infection compared with the pcDNA3.1 + -expressing infected cells (Supplementary Figures  S6A and S6B respectively) . In order to assess the effect of ETS2 and Twist1 in H. pylori-mediated induction of cell invasion, we used stable-transfected cells. Our results confirmed that ETS2 and Twist1 dose-dependently induced colony formation ability of H. pylori-infected cells (Supplementary Figures S7A and S7B  respectively) . Accompanying Western blot images show ETS2 and Twist1 expression status in stable cells. To further ascertain the role of ETS2 and Twist1 in Siah2 expression we transfected MKN45 cells with ETS2 and Twist1 siRNAs along with control Taken together, our results consistently proved that ETS2-and Twist1-regulated induction of Siah2 had a significant positive effect on H. pylori-mediated enhancement of GCC migration and invasiveness.
DISCUSSION
Gastric cancer is one of the prime causes of mortality in the developing as well as in the industrialized world. The major contributor in this disease-associated mortality is metastasis which presents either with peritoneal dissemination or haematogenous spread to the liver and lungs. Therefore, understanding the mechanisms regulating gastric cancer progression and metastasis is imperative for the development of effective treatment strategies. We observed Siah2 induction in H. pylori-infected GCCs and identified ETS2 and Twist1 as two novel inducers of Siah2. Further, Siah2 was established as an inducer of motility and invasiveness of infected GCCs. Consistent with our in vitro data, gastric cancer biopsy samples collected from metastatic gastric tumours (stage III) showed marked induction of ETS2, Twist1 and Siah2 expression. Although all tissue samples analysed (see Experimental section) were from urease-negative patients (suggesting absence of H. pylori when biopsies were obtained), it is intriguing to speculate that alterations in Siah2 expression due to initial H. pylori infection may contribute to the development of gastric cancer. Moreover, our observations indicate that Siah2 along with ETS2 and Twist1 may represent promising therapeutic targets for the treatment of gastric cancer.
The metastasis promoting role of Twist1 was reported in various cancers [20, 31] including gastric carcinoma [32] . Although, enhancement of lymph node metastasis and distant metastasis were observed with Twist1 induction in GCCs [33] , ETS2 had been associated with increased apoptosis or tumour suppression in GCCs [34] and suppression of lung cancer [35] . These results are quite surprising considering the fact that members of the ETS-family of transcription factors are effectors of the RAS/ERK proto-oncogenic pathway [36] . ETS2 was known to be associated with c-Myc induction [37] and angiogenesis in breast cancer cells [38] . Very high expression of ETS2 along with other ETS family proteins was found to be required for the neoplastic transformation of thyroid cancer cells [39] , progression of prostate [40] and colon cancer [41] . Although Ras was known to be induced in H. pyloriinfected gastric epithelial AGS cells [42] , we do not know yet whether it is involved in H. pylori-induced ETS2 expression in GCCs.
The speed of cancer metastasis is accelerated if any or all of the processes that take place during EMT, for example, cell migration and invasion, alteration in cell adhesion, intravasation and extravasation occur with increased rate. The EMT is regulated by a diverse set of growth factors and transcription factors including the HIF1α [43] . Recently Siah proteins were identified as important enhancers of breast cancer [19] and hepatocellular malignancy [15] . Increased metastasis of mouse melanoma [17] , prostate cancer [16] and lung cancer [18] has also been associated with enhanced Siah2 expression. Moreover, Siah2 was found responsible for disruption of the tight junction integrity and cell polarity in hypoxic bone-osteosarcoma cells by degrading the tumour suppressor protein apoptosis-stimulating proteins of p53-2 (ASPP2) [21] . For some time now, H. pylori is known to increase cell motility [4, 44] . However, Siah2-mediated enhancement of motility in H. pylori-infected GCCs is so far unknown. Our study suggests that Siah2 has a significant role in gastric cancer metastasis. Whether Siah2 is important or not in determining the stage and progression of the disease requires further research.
H. pylori-mediated changes in the GCC morphology and invasiveness, events that play crucial roles in enhancing gastric cancer metastasis, were found to be mediated by defects induced in the apical-junctional complexes; activation of β-catenin and its enhanced nuclear accumulation [45] as well as downregulation of E-cadherin [46] . Bebb et al. [47] reported H. pylori-mediated disruption of the adherens junction. They found that acute H. pylori infection-mediated disruption of the β-catenin was not dependent on the cag PAI status. We also confirmed that siah2 induction by ETS2 and Twist1 in infected GCCs was independent of the cag PAI. We presume that some cag-independent virulence factors induce ETS2 and Twist1. Other than cag PAI, the blood group antigen-binding adhesion babA and the vacuolating cytotoxin vacA are the two other genes highly associated with gastric cancer risk. Unlike 26695 and 8-1 (both vacA s1/m1 strains), D154 has vacA s2/m2 genotype. Effects of babA and vacA on the epithelial expression of ETS2, Twist1 and Siah2 need to be determined by using respective isogenic and nonisogenic mutants. Nuclear accumulation of Siah2 was recently associated with the majority of hepatic cell carcinomas (HCCs) and was correlated with induced hepatic cell proliferation, tumour progression and distant metastasis [15] . We found very high nuclear accumulation of Siah2 in H. pylori-infected GCCs, which we surmise, could be regulated by posttranslational modifications of Siah2 which are currently being investigated by our group.
GCC responses to H. pylori infection are presented with contradictory effects. For example, H. pylori induce both apoptosis and anti-apoptotic events [29, 48] . We observed upregulated GCC proliferation under the influence of H. pylori in the present study whereas induction of apoptosis was earlier noted [29] . Increased apoptosis induced by H. pylori has been strongly believed to act as a stimulus for continued cell proliferation resulting in neoplastic changes [49, 50] . Unfortunately, the mechanism is still not clearly understood. At this point, we find this missing link as a very important area of research and would pursue more studies to understand how exactly H. pylori-mediated apoptosis helps in promoting gastric epithelial cell proliferation and promotes gastric carcinogenesis. Cells undergoing EMT may become less responsive to apoptosis. It is not yet known what role Siah2 plays in GCC apoptosis. It is also not known whether gastric cancer chemoresistance is controlled by Siah2 or not. However, as we identified that H. pylori-mediated Siah2 induction contributed to EMT properties in the infected GCCs, this mechanism could be explored further for therapeutic possibilities. Once thought as very effective anticancer agents, the proteasomal inhibitors showed severe cytotoxicity, inhibition of apoptosis and increased treatment resistance [51, 52] . Since, Siah2 could be specifically targeted by RNA interference (RNAi) sparing other ubiquitin ligases including Siah1, untoward side effects during treatment could possibly be avoided.
Collectively, our data represent a novel model of Siah2-mediated induction of cell invasion and motility in H. pyloriinfected gastric epithelial cancer cells providing a major conceptual advancement in our understanding of the mechanism of Siah2 induction in H. pylori-infected GCCs. Since Siah2 induces metastasis associated with H. pylori infection, it could be targeted for therapy. The present study also indicates that Siah2, ETS2 and Twist1 might have prognostic significance in H. pylori-mediated gastric cancer.
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